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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Solder powder of the Sn-Zn alloy by which 50% or more of the surface area of this solder 
powder is covered by the enveloping layer of Sn alloy which used Sn as the principal component and 
contained at least 1 element of Ag, In, germanium, Cu, or Bi in the solder powder of a Sn-Zn alloy. 
[Claim 2] Solder powder of the Sn-Zn alloy according to claim 1 whose particle size before being 
covered with the enveloping layer of said Sn alloy of the solder powder of said Sn-Zn alloy is 10-70 
micrometers. 

[Claim 3] Solder powder of the Sn-Zn alloy according to claim 1 or 2 whose thickness of the enveloping 
layer of said Sn alloy is 0.01-5 micrometers. 

[Claim 4] It is Sn alloy which used said Sn as the principal component and contained at least 1 element 
of Ag, In, germanium, Cu, or Bi. Total of the content of the component except Sn is below 20 mass % to 
the solder powder after being covered with this Sn alloy. When this alloy contains Bi, the content of Bi 
is more than 0.5 mass % to this alloy. It is below 10 mass % to the solder powder after being covered 
with this Sn alloy. Solder powder of a Sn-Zn alloy given in any 1 term of claims 1-3 which the content 
of In is more than 0.5 mass % to this alloy, and are characterized by what is been below 5 mass % to the 
solder powder after being covered with this Sn alloy when this alloy contains In. 
[Claim 5] Soldering paste which contains the solder powder and flux of a publication at least in any 1 
term of claims 1-4. 

[Claim 6] The soldering approach of electronic parts of having at least the process which applies 
soldering paste according to claim 5 on the circuit board, the process which carries electronic parts on 
this circuit board, and the process which solders electronic parts to this circuit board by heating after 
loading. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the soldering approach of the electronic parts using the 

soldering paste and this soldering paste containing solder powder and this solder powder. 

[0002] 

[Description of the Prior Art] In recent years, in the flow of the formation of small lightweight of 
electronic equipment, as for electronic parts, a surface mounted device comes to occupy most, and 
mounting by the surface mount method is becoming in use. After applying soldering paste on a substrate 
by screen-stencil and carrying electronic parts on a substrate as a typical example of a surface mount 
method, the approach of carrying out a reflow of the whole substrate, making carry out heating melting 
of the solder, and forming a joint is mentioned. 

[0003] Micrifying of the size like the joint of a substrate and electronic parts is being enhanced, and the 
solder which joins is asked for the engine performance beyond a conventional method. 
[0004] The trouble that Pb is eluted in a nature from the Sn-Pb alloy solder used widely in the industrial 
world on the other hand conventionally and an environment is polluted is pointed out, and the solder of a 
new presentation which replaces a Sn-Pb alloy was called for. The 2 yuan system which uses current and 
Sri as a principal component, and 3 yuan system solder are studied actively. However, it does not yet 
come that it is as that there is a problem in the mechanical endurance after junction etc. **** [, and ] out 
of the region of research. [ that the melting point is too high ] [ that wettability is bad and poor non- 
solder is generated ] 

[0005] Especially the solder of the Sn-Zn alloy indicated by the publication-number No. 94687 [ nine 
to ] official report deserves attention. It is thought in that it can use as it is that it is very promising, 
without changing most equipments which were being conventionally used with Sn-Pb alloy solder, since 
this solder has the comparatively low melting point. 
[0006] 

[Problem(s) to be Solved by the Invention] However, Sn-Zn alloy solder is holding the trouble that Zn 
tends to oxidize. Since Zn is a metal which is easy to oxidize, it makes the oxide skin stabilized on the 
solder front face. This Zn oxide skin caused the following troubles in the mounting process. ** Solder 
powder is a pile to ****, ** Although the interior of solder powder was fused, **** is bad in order that 
a surface oxide skin may cover melting solder like husks. 

[0007] Thus, it was hard to dissolve the Sn-Zn alloy solder which consists of an alloy which used as the 
principal component Sn which has the oxide film of Zn, and contained Zn, and since **** was bad, 
possibility of producing serious quality problems, such as poor junction by non-solder, was high 
[ solder]. 

[0008] In order to solve the problem of oxidation of this solder powder front face, various measures as 
shown below are taken. For example, it is that keep it in inert gas, and avoid, mix with flux immediately 
after manufacture, and the completed solder powder makes prolonged preservation soldering paste so 
that solder powder may not be put to atmospheric air etc. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/26/05 



JE,2001-321983,A [DETAILED DESCRIPTION] 



Page 2 of 6 



[0009] Thus, in order to keep solder powder, leased facility had to be added to the facility of the 
conventional Sn-Pb eutectic solder, and it was connected with manufacturing-cost quantity. Moreover, 
since the solder powder of the once created Sn-Zn alloy was not able to be stored over the long period of 
time, solder powder had to be manufactured frequently and the whole mounting process became 
inefficient. 

[0010] Furthermore, the bottom of an inert gas ambient atmosphere, for example, nitrogen, an argon, 
helium, and reducing atmosphere, for example, hydrogen etc., also had to perform the process of 
soldering under both mixed ambient atmosphere depending on the case. This mixed ambient atmosphere 
for preventing oxidation of Zn needed concentration control of ppm order, and had the problem that that 
control was complicated and equipment was expensive. Moreover, since gas, such as nitrogen and 
hydrogen, was consumed, it had become the cause which raises the running cost of soldering equipment. 

[0011] 

[Problem(s) to be Solved by the Invention] The above-mentioned trouble about the solder of the Sn-Zn 
alloy which uses Sn as a principal component and contains Zn is solved, and this invention can be kept 
in atmospheric air, can use the equipment conventionally used with Sn-Pb alloy solder as it is, and 
makes it a technical problem to offer the solder powder of the Sn-Zn alloy which can carry out a 
soldering process in atmospheric air. 

[0012] Furthermore, the soldering paste containing the solder powder of the Sn-Zn alloy of this 

invention and the soldering approach using this soldering paste are offered. 

[0013] 

[Means for Solving the Problem] This invention offers the solder powder of the Sn-Zn alloy by which 
50% or more of the surface area of this solder powder is covered by the enveloping layer of Sn alloy 
which used Sn as the principal component and contained at least 1 element of Ag, In, germanium, Cu, or 
Bi in the solder powder of a Sn-Zn alloy. 

[0014] The greatest description of this invention is controlling oxidation of Zn which is covering the 
solder powder of the Sn-Zn alloy containing Zn which is easy to oxidize with Sn alloy ("the alloy which 
used Sn as the principal component and contained at least 1 element of Ag, In, germanium, Cu, or Bi" 
being hereafter called Sn alloy.), and is the fault of the solder of a Sn-Zn alloy. By this configuration, the 
storage prolonged in the inside of atmospheric air of the solder powder of this invention was attained. 
Furthermore, it becomes possible to solder under atmospheric air, and contributes to time amount 
compaction and the cost reduction of a mounting process. 

[0015] this invention person etc. found out experientially that said Sn alloy layer should just cover these 
some solder powder. According to this invention person's etc. examination, when having covered the 
solder powder front face of a Sn-Zn alloy 50% or more, Sn alloy layer became clear [ having the 
oxidation depressor effect of practically permissible Zn ], even if Sn alloy layer thickness was 0.01 
micrometers. Furthermore, it became clear by making coverage into 70 - 80% that oxidation of Zn is 
controlled further. It is the case of 100% covering most preferably. 

[0016] Moreover, as for Sn alloy used for covering, it is desirable to use Sn as a principal component, in 
addition to include at least 1 element of Ag, In, germanium, Cu, or Bi. Of course, this Sn alloy may 
contain the impurity for improving the property of Sn alloys, such as an impurity contained 
automatically, and P, Sb, nickel, besides these components. 

[0017] As for Sn alloy used for covering, it is desirable not to include Zn, although it is needless to say. 
Even if Zn is contained, as for the concentration, it will be desirable that it is below the level mixed 
automatically. 

[0018] Moreover, in Sn-Zn alloy solder, as for the ratio of Zn to Sn, the thing of 1 - 10 mass % is used 
suitably. Also in this, Sn-9Zn with the melting point especially nearest to the Sn-Pb eutectic solder of a 
conventional method is suitable. 

[0019] It is desirable for the particle size before being covered with the enveloping layer of said Sn alloy 
of the solder powder of said Sn-Zn alloy to be 10-70 micrometers here. 

[0020] Moreover, it is desirable for the thickness of the enveloping layer of said alloy of the solder 
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powder of this invention to be 0.01-5 micrometers. Sn alloy layer thickness which covers the solder 
powder of a Sn-Zn alloy is the thickness (only thickness which does not penetrate oxygen) which can 
control oxidation of the solder powder front face of a Sn-Zn alloy, and it is desirable for the melting 
point of the solder powder of a Sn-Zn alloy to take the coverage of Sn alloy layer into consideration 
fiirther, and to determine it out of the range which does not change a lot than predetermined temperature. 

[0021] When the particle size of the solder powder of the Sn-Zn alloy before covering is 10-70 
micrometers as mentioned above and is 50% or more of Sn alloy, as for the thickness of an enveloping 
layer, it is desirable that it is 0.01-5 micrometers. If the thickness of an enveloping layer is 0.01 
micrometers or more, though coverage is near 50%, the solder powder of the Sn-Zn alloy which has the 
practically permissible Zn antioxidizing effectiveness can be obtained. Moreover, if the thickness of an 
enveloping layer is 5 micrometers or less, though the particle size of the solder powder of the Sn-Zn 
alloy before covering is near 10 micrometer, tfie solder powder of a Sn-Zn alloy will dissolve at 
practically permissible temperature. 

[0022] The alloy which covers the above and Sn-Zn solder powder here Are Sn alloy which used said 
Sn as the principal component and contained at least 1 element of Ag, In, germanium, Cu, or Bi, and 
total of the content of the component except Sn It is below 20 mass % to the solder powder after being 
covered with this Sn alloy. When this alloy contains Bi, the content of Bi is more than 0.5 mass % to 
this alloy. When it is below 10 mass % and this alloy contains In to the solder powder after being 
covered with this Sn alloy, it is desirable for the content of In to be below 5 mass % to the solder powder 
after being more than 0.5 mass % and being covered with this Sn alloy to this alloy. 
[0023] Comparatively, to the Sn-Zn solder powder after [ components other than Sn of Sn alloy layer ] 
being covered with Sn alloy, if it is below 20 mass %, the mechanical strength of the solder of the Sn-Zn 
alloy of a joint will not be spoiled. Even when these metals are independent, they can also use plurality 
for coincidence. 

[0024] Cautions are required to mix In and/or Bi into Sn alloy especially. Both In and Bi fall the melting 
temperature of Sn-Zn system solder, and have the work which raises wettability. When Bi is contained 
in Sn alloy, as for Bi, it is desirable to be contained more than 0.5 mass % to Sn alloy. With [ the content 
of Bi ] this [ more tiian ], it is practically permissible level and it is possible to raise the wettability of 
solder powder. 

[0025] Moreover, it is possible to raise the wettability of the solder at the time of melting, without 
spoiling the mechanical reinforcement of solder to the solder powder after the content of Bi was covered 
with Sn alloy, if it is below 10 mass %. 

[0026] Moreover, when In is contained in Sn alloy, as for In, it is desirable to be contained more than 
0.5 mass % to Sn alloy. If the content of In is more than 0.5 mass %, it is possible to raise the wettability 
of solder in the practically permissible range. 

[0027] Moreover, it is desirable that it is below 5 mass % to the solder powder after the content of In 
was covered with Sn alloy. It is possible to raise the wettability of the solder at the time of melting, 
without spoiling the corrosion resistance of solder, if the content of In is below 5 mass %. 
[0028] Moreover, this invention offers the soldering paste which contains the aforementioned solder 
powder and the flux of a Sn-Zn alloy at least. 

[0029] By using for a mounting process the paste containing the Sn-Zn system solder powder which 
controlled oxidation of Zn of this invention, it became possible to carry [ be / it / under / atmospheric- 
air / setting ] out soldering by Sn-Zn system solder. 

[0030] Here, the activator which has the active ingredient which defecates joined by solder by solder 
fields, such as basic compounds, such as an organic acid or an amine, the CHDCISO agent which adjusts 
viscosity and dispersibility, a solvent, and other additives are mixed with flux by using as a principal 
component the resinous principle replaced with rosin or it. As a CHIKISO agent, there are castor oil, 
waxes, a petroleum system macromolecule, and amides here. As an activator, there are monocarboxylic 
acid, amides, a halogenated compound, etc. in addition to the above. As other additives, a thickener, a 
surfactant, a fluid regulator, a corrosion inhibitor, a defoaming agent, etc. are chosen according to an 
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application. 

[003 1] Moreover, this invention offers the soldering approach of electronic parts of having at least the 
process which applies the soldering paste of said Sn-Zn alloy on the circuit board, the process v^hich 
carries electronic parts on this circuit board, and the process which solders electronic parts to this circuit 
board by heating after loading. 
[0032] 

[Embodiment of the Invention] Then, the manufacturing method of the solder powder of the Sn-Zn alloy 
of this invention is explained more to a detail. 

[0033] The solder powder of the Sn-Zn alloy before being covered with Sn alloy is 10-70 micrometers 
in particle size, and can be created by the well-known metal powder formation approaches, such as the 
gas atomizing method. 

[0034] Metal Sn and Metal Zn were mixed and heated and the melt of a Sn-Zn alloy was obtained so 
that Zn might become 9 mass %. Natural fall of this melt is carried out into the tank filled with the inert 
gas (nitrogen, argon, etc.) which does not contain oxygen, the inert gas of a very high pressure is 
sprayed on the melt immediately after fall, and this obtains the solder powder of the Sn-Zn alloy of a 
particle size predetermined by distributing alloy melt all over space. 

[0035] The solder powder of the obtained Sn-Zn alloy is carried into a sputtering system, maintaining an 
inactive ambient atmosphere, in order to avoid oxidation of Zn. A sputtering system performs an alloy 
coat on the solder powder front face of a Sn-Zn alloy. 

[0036] Thus, the solder powder of the Sn-Zn alloy of this invention with which at least 50% of total 

surface area was covered with Sn alloy is completed. 

[0037] 

[Example] (Example 1) Drawing 1 is the sectional view of the solder powder of this invention Sn-Zn 
alloy. Drawing 1 (a) is an example by which all the front faces of the solder powder 1 of a Sn-Zn alloy 
are covered with the Sn alloy layer 2. Dra wing 1 (b) is an example of the solder powder 1 of a Sn-Zn 
alloy by which the front face is covered with the Sn alloy layer 2 in part. 

[0038] In the above-mentioned configuration, the solder powder 1 of a Sn-Zn alloy was manufactured 
by the gas atomizing method. Natural fall was carried out by the flow rate for 0.5cm3/into the tank by 
which the argon was filled up with the Sn-Zn alloy melt which prepared the presentation so that it might 
be set to Sn-9Zn, by spraying argon gas at the Sn-Zn melt under fall, Sn-Zn alloy melt was dispersed 
and the solder powder of a Sn-Zn alloy was obtained. The ratio of the gas mass velocity / melt mass 
velocity at this time was 5. 

[0039] When some solder powder of this Sn-Zn alloy was taken out and having been observed with the 
scanning electron microscope, it turned out that the solder powder of a Sn-Zn alloy has the particle size 
of 20-50 micrometers. 

[0040] It conveyed to the sputtering system, making it not put the solder powder of the Sn-Zn alloy 

manufactured by the gas atomizing method to atmospheric air, and the coat of the Sn alloy was carried 
out to the front face. Sn alloy which has the presentation of Sn-3.5Ag-0.5Cu was used as a sputtering 
target. 

[0041] the conditions of sputtering — Ar quantity-of-gas-flow: - a part for 60ml/, and RF power:600 - 
they are W, membrane formation chamber degree of vacuum: 1x1 0-3Pa, and spatter time amount:40 - 60 
minutes. 

[0042] Moreover, in order to cover the whole surface of Sn-Zn solder powder with Sn alloy, sputtering 
membrane formation was performed, giving vibration to solder powder. 

[0043] Thus, when some solder powder of the Sn-Zn alloy covered with obtained Sn alloy was taken out 
and the cross section was observed with the scanning electron microscope, the range of the thickness of 
the enveloping layer of Sn alloy was 0.1-0.5 micrometers. Moreover, Sn alloy had covered Sn-Zn solder 
powder with all the Sn-Zn solder powder that observed the cross section completely. 
[0044] Furthermore, although presumed evaluation of the coverage of the solder powder of a Sn-Zn 
alloy was carried out from the thickness measurement of an alloy cross section, coverage was too 
estimated as 100%. 
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[0045] The solder powder and flux of a Sn-Zn alloy of this invention which were obtained by the above- 
mentioned approach were kneaded in atmospheric air with the mass ratio of 10:1, and soldering paste 
was obtained. 

[0046] The flux which is here and was used mixes rosin:5.5 mass %, activator: 1 .5 mass %, and 
solvent:4.0 mass %. Here, the presentation of each component of flux receives soldering paste. 
[0047] A total of 10000 soldering trials were performed in atmospheric air using the soldering paste 
using the solder powder of the Sn-Zn alloy of this invention. Consequentiy, there is also no defect of 
non-solder etc. and the good result was obtained. 

[0048] In addition, the soldering temperature in this trial was 210-215 degrees C, and was almost equal 
to the conventional Sn-Pb soldering temperature of 200-210 degrees C, and it was possible to have used 
the soldering equipment of a conventional method as it is. 

[0049] Furthermore, after keeping the solder powder of this Sn-Zn alloy for one month in atmospheric 
air, the same soldering trial was performed, but since oxidation of Zn was controlled, the defect of non- 
solder etc. was not generated. 

[0050] (Example 2) When covering Sn alloy with the sputtering forming-membranes method on a Sn-Zn 
solder powder front face, the solder powder of a Sn-Zn alloy was created like the example 1 except 
having made to have covered, without swinging the solder powder of a Sn-Zn alloy, and spatter time 
amount into 20 - 40 minutes. 

[0051] Thus, when some solder powder of the Sn-Zn alloy covered with obtained Sn alloy was taken out 
and the cross section was observed with the scanning electron microscope, the range of the thickness of 
the enveloping layer of Sn alloy was 0.1-0.5 micrometers. Furthermore, although presumed evaluation 
of the coverage of the solder powder of a Sn-Zn alloy was carried out from the thickness measurement 
of an alloy cross section, coverage was estimated as 60 - 80%. 

[0052] The same flux as the solder powder of the Sn-Zn alloy obtained by the above-mentioned 
approach and the thing used in tiie example 1 was kneaded in atmospheric air with the mass ratio of 
10:1, and soldering paste was obtained. 

[0053] A total of 10000 soldering trials were performed in atmospheric air using the soldering paste 
using the solder powder of the Sn-Zn alloy of this invention. Consequently, there is also no defect of 
non-solder etc. and the good result was obtained. 

[0054] In addition, the soldering temperature in this trial was 210-220 degrees C, and was almost equal 
to the conventional Sn-Pb soldering temperature of 200-210 degrees C, and it was possible to have used 
the soldering equipment of a conventional method as it is. 

[0055] Furthermore, after keeping the solder powder of this Sn-Zn alloy for one month in atmospheric 
air, the same soldering trial was performed, but since oxidation of Zn was controlled, the defect of non- 
solder etc. was not generated. 

[0056] (Example 3) The mounting trial of electronic parts was performed using the soldering paste 

created in the example 1 . The situation is explained referring to drawing 2 and 3. 
[0057] First, soldering paste 5 was printed with screen printing to the predetermined copper electrode 7 
on the circuit board 6. Furthermore, the solder ball 9 of an example 1 was created by the well-known 
approach to the electrode pad 12 of EGA (Ball Grid Array )8, The diameter of this solder ball 9 is about 
750 micrometers. In addition, a diameter is 750 micrometers and the BGA electrode pad 12 used by this 
example has height of 600 micrometers from a BGA front face. Moreover, this BGA electrode pad 12 
separates every 1 .27mm to each other, and is installed in this BGA8. 

[0058] A condition just before this EGAS is put on the position on the circuit board 6 is shown in 

drawing 2 . 

[0059] Then, the circuit board 6 was put into oven, where BGA8 is carried, and a heating reflow was 
performed at 220 degrees C in atmospheric air. By this heating reflow, soldering paste 5 and a BGA 
solder ball welded, and junction to BGA8 and the circuit board 6 was completed ( drawing 3 ). 
[0060] Although the continuity test after junction was performed, defects, such as non-solder and a short 
circuit, did not exist from the ability of Zn in solder not to oxidize easily, even if it does not come out 
an ambient atmosphere (nitrogen and/or hydrogen ambient atmosphere), the special thing to solder in 
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atmospheric air is possible for the solder powder and soldering paste of a Sn-Zn alloy of this invention. 
[0061] (Example 4) The example which used the solder powder and solder flux of a Sn-Zn alloy of this 
invention for soldering of QFP (Quad flatpackage) next is shown. Drawing 4 is the side elevation of the 
soldering section of this example, and an important section sectional view. Drawing 5 is a side elevation 
after soldering of this example, and an important section sectional view. 

[0062] First, printing soldering paste 5 was created for the soldering paste of the Sn-Zn alloy of this 
invention used in the example 1 with screen printing on the copper electrode 7 of the circuit board 6 like 
the example 2. 

[0063] Then, QFP 10 was fixed so that lead 1 1 and soldering paste 5 might contact. Where QFP is 
carried, reflow heating of the circuit board 6 was carried out in oven. 

[0064] Although the continuity test after junction was performed, defects, such as non-solder and a short 
circuit, did not exist. 

[Effect of the Invention] According to this invention, since oxidation of Zn in the solder powder of a Sn- 
Zn alloy was prevented, it became possible to save the manufactured solder over a long period of time in 
atmospheric air. Furthermore, since it is easy to fuse solder, it is not necessary to raise whenever 
[ stoving temperature ] beyond the need, and reliable soldering can be performed in atmospheric air. 
[0065] Moreover, since it is not necessary to solder under an inert atmosphere and reducing atmosphere, 
and solder heating apparatus is not converted or the expensive equipment corresponding to an inert 
atmosphere and reducing atmosphere is not needed, equipment cost is cheap. Moreover, since inert gas 
and reducing gas are not needed, the running cost of a soldering process is cheap. 
[0066] Furthermore, by adding elements, such as Bi and germanium, into Sn alloy which covers the 
solder powder of a Sn-Zn alloy, the melting point falls and wettability improves. Therefore, it becomes 
possible to use heat-resistant low electronic parts, and soldering of reliable electronic parts is attained. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the solder powder showing the 1st example of this invention 
[Drawing 2] The side elevation showing the 2nd example of this invention of the soldering section, an 
important section sectional view 

[Drawing 3] The side elevation after soldering showing the 2nd example of this invention, an important 
section sectional view 

[Drawing 4] The side elevation showing the 3rd example of this invention of the soldering section, an 
important section sectional view 

[Drawing 5] The side elevation after soldering showing the 3rd example of this invention, an important 
section sectional view 
[Description of Notations] 

1 Solder Powder 

2 Solder 

3 Solder Powder 

4 Flux 
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11 Lead 

12 BGA Electrode Pad 
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